The possibility of using natural mineral adsorbents -clinoptilolite and schungite -in the adsorption purification of water-alcohol solutions of different concentrations was studied using the example of impurities of ethanol of acetaldehyde and ethyl acetate. The feasibility of studying the above-mentioned minerals for the adsorption of simple organic substances is justified. The best concentration of a water-alcohol solution for adsorption of acetaldehyde 80-85 % vol., ethyl acetate-40 % vol., is experimentally established. The rational duration of phase contact for adsorption of acetaldehyde is from 10 to 20 minutes, for adsorption of ethyl acetate -5 minutes.
Introduction
One of the key quality problems of alcoholic beverages is the minimum amount of volatile ethanol impurities obtained by fermentation of starch or sugar-containing raw materials and released during the process of distillation. The main among such impurities are aldehydes, higher alcohols, organic acids and esters, methanol. Some impurities can be removed by passing a water-alcohol solution through a column of activated carbon.
However, this technology of vodka preparation has a number of drawbacks, above all, the price of active coal imported to Ukraine from Russia. It is also flammability, the possibility of catalytic oxidation and esterification reactions, i. e. the formation of new impurities and inefficiency, for example, in the sorption of esters.
Therefore, the search for new effective adsorbents for purification from volatile impurities of ethanol is an urgent task both from a scientific and practical point of view. Dispersion of zeolites allows to consider natural clay minerals as potentially possible adsorbents and for purification of water-alcohol solutions. This assumption is due to reports on the effectiveness of using different
1. Experimental procedures
To establish a certain fractional composition of the zeolite, sieves with different hole diameters were used, which were a set of five sieves with holes 1, 2, 3, 4 and 5 mm in diameter. Adsorbents were poured into the upper sieve, which was covered with a lid, shaken violently and the minerals were sieved to different fractions. A fraction of 2-3 mm was used for the studies.
Before use, the dispersed minerals were weighed and dried in СЭШ-1 drying box (manufactured in the USSR) at a temperature of 120 °C for 12 hours. Such parameters were chosen to ensure that water is removed from the adsorbent pores. The dried bunks with adsorbent weights were held in the desiccator for 30 min before cooling to room temperature, and then adsorbers were filled with adsorbents or stored in closed vessels.
Each fraction was stored separately in a glass vessel sealed with a ground glass stopper.
To carry out the research, a laboratory unit was created by the authors (Fig. 1) , which is an adsorption column 3 filled with an adsorbent 4 laid on a piece of cotton with a height of not more than 1 cm. Above, the adsorbent is also covered with a piece of cotton wool to the level of the drain tube. In the lower part of the adsorption column, water-alcohol solutions of different concentrations were fed from the pressure collector 1. The different contact times of the water-alcohol solution with the adsorbent were provided by a different solution delivery rate of 3 to 35 ml/min, which was regulated by the valve 2. The test samples were taken to a collecting receptacle (measuring cylinder) 5 fixed by a clip 6 on a support 7 from the top of the adsorption column. The studies were carried out at room temperature, that is, 20-22 °C. The first 150 ml of a water-alcohol solution leaving the adsorption column was poured and only after that a sample was taken.
Parameters of the adsorption column: column height H=0.45 m; the internal diameter of the column is d in =0.024 m. Then the volume of the column is: To prepare water-alcohol solutions of different concentrations, alcoholimetric tables were used, taking into account the temperature and contraction corrections that occurred when the alcohol or aqueous alcohol solutions were diluted [16] . To quickly determine the concentration of water-alcohol solutions, areometer-alcoholometers were used, which were immersed in a vertical cylinder filled with alcohol with an ethyl rectified concentration of 96.8 % vol., and a water-alcohol mixture with concentrations of 40, 50 and 80 % vol. To determine the correction for temperature, mercury laboratory thermometers were used [17] .
The concentration of impurities of aldehydes and esters by the example of acetaldehyde and ethyl acetate in control and test samples was determined by gas chromatography on a gas chromatograph "Crystal 2000" (Chromatec, Russia) [18] . As control, ethyl alcohol was rectified with a concentration of 96.8 % vol., and water-alcohol solutions diluted to a concentration of 40, 50 and 80 % vol., which were not subjected to adsorption purification in a laboratory plant.
The average arithmetic value of the components of two parallel measurements for the concentration of the microcomponent in the control and test samples was accepted, the permissible difference between which did not exceed the norm of the operational control of convergence r n at P=0.95 %, n=2 (r n -operative control of convergence, P -confidence coefficient, N -the number of parallel measurements). For ethyl acetate and acetaldehyde at their mass concentration in recalculation on anhydrous alcohol, mg/dm 3 , from 0.5 to 10.0 -r n =15 %; from 10.0 to 50.0 -r n =10 %. The results that exceeded these values, which are given in the normative document [19] for the determination of the content of microcomponents by the gas chromatographic method, were discarded.
The study was conducted with non-standard ethyl alcohol (non-compliance with the normative document on the indices of the concentration of aldehydes and esters). According to the normative document [20] , the mass concentration of aldehydes in terms of acetic aldehyde in anhydrous alcohol should not exceed 4 mg/dm 3 , the mass concentration of esters, calculated per acetic-ethyl ester in anhydrous alcohol, should not exceed 5 mg/dm 3 for an alcohol of the grade "Higher purification".
Adsorption of aldehydes was investigated using acetaldehyde as an example, the content of which is usually 90 % or more of the total aldehyde in rectified ethyl alcohol. The adsorption of the esters was determined by the example of ethyl acetate as the main component of the esters. The results were calculated in mg/dm 3 of anhydrous alcohol.
Results
The dynamics of acetaldehyde adsorption by clinoptilolite from water-alcohol solutions of different concentrations showed the same trend. With an increase in the duration of phase contact to 5-10 min, the concentration of this impurity in the outgoing solution decreased, but then began to increase again. Thus, the sorption process must be carried out fairly quickly, since an increase in the duration of the contact seems to cause either desorption of acetaldehyde or the oxidation of ethanol. However, acetaldehyde sorption was different for different concentrations of water-alcohol solutions: the best results were noted for a concentration of 80 % vol.; the acetaldehyde concentration decreased by almost 63 % (from 4.47 to 1.67 mg/dm 3 ). To concentrate the water-alcohol solution 50 % vol., the lowest value was fixed at the level of 2.3 mg/dm 3 , for a concentration of 96.8 % vol., -2.58 mg/dm 3 , for a concentration of 40 % vol., -3.08 mg/dm 3 . Thus, it is least expedient to carry out purification from a water-alcohol solution with a concentration of 40 % vol. However, for all concentrations, it has been shown that it is possible to improve the acetaldehyde concentration to a standard value.
In the study of the dynamics of the aldehydes adsorption process by schungite on acetaldehyde, depending on the concentration of water-alcohol solutions and the duration of phase contact, the quality of the samples did not meet the requirements of the standard for the concentration of aldehydes [20] Chemical Engineering during the first 5-10 minutes. But a further increase in the transmission time of the water-alcohol solution did not cause such an obvious process of increasing the concentration of acetaldehyde, as with sorption by clinoptilolite. The most effective acetaldehyde was adsorbed by schungite also from a water-alcohol solution with a concentration of 80 % vol., -up to 6.37 mg/dm 3 or more than 25 %. It should be noted that up to duration of contact of 20 min, the scatter of data on the content of acetaldehyde after sorption for concentrations of 80, 50 and 96.8 % vol., was within the error of experience.
In the next series of studies, the content of ethyl acetate was analyzed, the concentration of which among esters is highest in rectified ethyl alcohol and alcoholic beverages.
Analysis of the sorption of ethyl acetate by clinoptilolite shows a completely different distribution of the results for different concentrations of water-alcohol solutions. The results showed that the concentration of 40 % vol., is preferable (decrease from 3.4 to 0.6 mg/dm 3 ), and an increase in the concentration of ethanol in the purified solution impaired the efficiency of the process. It is possible that the optimal duration of phase contact may be time, even less than 5 minutes. However, it was technically impossible to provide such conditions at such column height. And with increasing contact time up to 60 minutes, the concentration of ethyl acetate almost reached the value in the control sample, which may indicate the presence of catalytic reactions.
The results of sorption of ethyl acetate by schungite have a wider spread of indices for different concentrations of water-alcohol solutions, but the efficiency of sorption has repeated the tendency of sorption by clinoptilolite. Increase the dilution of the water-alcohol solution to a concentration of 40 % vol., gave the best results -the content of ethyl acetate after 5 minutes of the process decreased by almost 5 times. Thus, it can be state that it is possible to achieve the normative indices of the concentration of ethyl acetate by a schungite adsorption in a water-alcoholic solution of 40 % vol.
To calculate the economic efficiency of the use of zeolites for purification of aqueous-alcoholic solutions, the initial data was taken: the working month is 24 days, the one-change operation mode, and the productivity is 20,000 decalitres (dkl) per month. Then the daily capacity of the adsorption unit is: 
).
If we assume that for purification of 3 dkl of sorting prior to ensuring the normative indices, it is necessary to have 0.4 kg of zeolites, then the flow will be: 104, 2 0,4 m 13,9 3
When the adsorber is filled to 80 % (taking into account the breakthrough), the volume of the adsorbent will be: 
Annual cost of the adsorbent:
where 1500 UAH -the cost of 1 ton of zeolite [21] . 
where 350 -the mass of active coal necessary for purification of 20,000 dkl; 240000 -annual plant productivity, dkl, at a cost of active coal 35000 UAH [22] the annual cost will be 147 thousand UAH. Thus, the economic efficiency of using zeolites instead of active coal will be about 140 thousand UAH or more than 5 thousand USD. To reduce the consumption of zeolites can also be the use of regeneration, since natural zeolites are wear-resistant.
It is also known about the use of natural zeolites for extraction of ethanol from dilute ethanol-water solutions [23] and dehydration of bioethanol [24, 25] . The possibility of sorption of primary alcohols C1-C4 [26, 27] , as well as isoamylol, isobutanol, isopropanol, [27] is also shown. The conclusion in [26] is that the stability of adsorbed alcohols is controlled by van der Waals dispersion interactions and steric zeolite limitations, which destabilize the local formation of hydrogen bonds.
Conclusions
Analysis of the research results on the possibility of using mineral adsorbents (clinoptilolite and schungite) for purification of water-alcohol solutions from impurities shows the practical and economic feasibility of using natural zeolites.
The best concentration of a water-alcohol solution for adsorption of acetaldehyde is 80-85 % vol.; ethyl acetate is 40 % vol. This is explained by the lowest energy of hydrogen bonds with ethanol, indirectly determined from the dependence of the rectification factor on the ethanol content of the solution.
The rational duration of phase contact for adsorption of acetaldehyde is from 10 to 20 minutes, for adsorption of ethyl acetate -5 minutes.
To purify water-alcohol solutions from aldehydes, which most worsen the organoleptic characteristics of alcoholic beverages, it is more appropriate to use clinoptilolite. It can also allow to achieve the normative parameters of vodka made from non-standard rectified alcohol.
